Abstract. In recent years, a number of studies had been performed to investigate the effect of pore water chemistry on the strength and compressibility characteristics of soil. Although the effect of chloride and sulfates salts separately in pore fluids on the geotechnical properties of soil seems to be well understood, but the influence of combined effect of sulfates and chlorides in pore water on the behavior of soil is still unclear mostly due to the limited numbers of studies as well as the complexity of processes that may occur in soil (with the presence of salts) in pore water-soil interaction. Southern regions of Iraq, especially Basra suffers from low water levels in the summer season in addition to the lack of rain water, which causes a significant increase of salt in the Shatt al Arab. Water salinity continues to increase with time. To investigate the combined impacts of water salinity on the behavior of clayey soils, the basic characteristics of the soil brought from Al-Nahrawan site was studied. Chemical methods were done with three types of water (distilled, water of highly saline as Shatt Al-Arab water and water of Tarmiya as moderate saline water). The effect of water salinity on the geotechnical properties of fine grain soil was investigated. Different laboratory tests such as Atterberg limits, standard compaction, consolidation and shear strength of soil .Results showed that the presence of perceptible amounts of dissolved salts in water can lead to changes in the engineering properties of the soil.
Introduction
Soil is a mixture of several compounds such as soil solid, air voids and pore water. Water is well known to be strongly attracted to the soil surface. Mitchell (1993) [6] in their soil investigations stated that fabric and bonding both characterise the structure of soils. Micro structural consideration considers that the fabric is mainly referred to soils solid particle arrangement and its flocculation process, yet bonding is dominated by the inter particle forces. Pore properties of the fluid have a direct impact on both the fabric and the bonding mechanism. This is related to the water-soils interaction of clays (Mitchell and Soga, 2005 [7] ). The term 'salinity' represents the soluble salts total concentration in the soil. Those salinity salts come in different forms including calcium , magnesium , chlorides, sulphates or even carbonates of sodium, Pore water salinity influence on the behavior of solid soil particles as a result to the chemical interaction that may occur between the soil particles and the ions in the pore water. This is clearly observed in fine-grained soils. Studies have proved that many material macroscopic characteristics (e.g., shear stiffness, compressibility, etc.) are affected by pore water salinity concentrations. Yet salinity influence on the geotechnical properties of soil is still yet to be further investigated. The current study looks into the relationships bonding between salt content that fills the gap and the geotechnical properties of fine-grained soils.
Clay water interaction
Clays are known to be hydrophobic colloid. Their behaviors is generally dominated by the surface forces. Surface forces play an important role in the formation of soil microstructure and water-soil interactions (van Olphen, 1991 [9] ; Mitchell and Soga, 2005 [7] ).
Negative charged surface and adjacent charges are termed to the diffuse double layer. Ions distribution among the diffuse double layer may cause unbalanced force field near the clay surface. This can generate inter particle forces when two soil particles get closed. The double layer forces may change the movement of soil particles and impact soil behaviors. 
Effect of water salinity on soils geotechnical properties
In recent years, a number of studies have been performed to look into the effect of the chemistry of pore water and its impacts on the geotechnical characteristics of soil. Anandhanarayanan and Murugaiyan,(2014) [3] investigated the effect of sea water and different inorganic salt solutions (as permeant liquids) on the compaction characteristics, liquid limit, free swelling, consolidation characteristics and hydraulic conductivity of different types of clay-bentonite mixtures. Sea water and salt solution increased the maximum dry density and decreased the optimum water content of mixtures .Higher cation valance leads to higher increase in the maximum dry density and higher decrease in optimum water content, by increasing the sea water and salt concentration the swelling volume and liquid limit decreases. Higher cation valance and salt concentration cause higher decrease in liquid limit by increasing the sea water and salt water concentration, the compression index decreases the hydraulic conductivity of the samples increases by adding the salt water and sea water.
The salinity of the water has been shown to effects on the geotechnical properties of fine soils used in Korchay dam core had been studied Ajalloeian, et al.,(2013) [1] . Several soil measurments as ( Atterberg limits, compaction, consolidation, direct shear and dispersion (pinhole and chemical) ) have been carried out by the use of waters of different salt concentrations ( distilled, half saline and saline waters ) . The charges in the geotechnical properties of the soil were neglected as there were a some percent of active clay minerals found in the soil. Results revealed the values of the Atterberg limits, compression index and swelling index decrease and consolidation coefficient and shear strength parameters increase as the amount of pore water salinity increases. When comparing those results with other tests carried out using water that has been desalinized, the effect of water salinity on consolidation under high pressures is not consideration. Dispersion tests also revealed that there was no dispersion in the soil when contacted with waters of high salinity. Aksoy, et al.,(2008) [2] examined the sea water effects on consistency limits and compressibility properties of clayey soils of low and high plasticity.The results revealed that sea water impacts were almost negligible on the tested consistency limitsand compressibility characteristics of soils when they have liquid limits up to 110%. The sea water effect is mostly noticed on the consistency limits and compressibility of Na-bentonites.
Experimental works

Soil samples
The following tests were done to determine the physical and engineering properties, salinity and pH of soil sample collected from Al-Nahrawan site.
The soil samples have been collected from AlNahrawan brick factory. Figure ( 2) shows the distribution of the grain sizes of the soil materials of the collected samples. In this graph it is seen that the soil distribution contained of 44% silt and 56% clay. According to (liquid limit and plasticity index) and in reference to grain size distribution, the soil can be classified as lean clay (CL) using unified soil classification system. Chemical methods were done with three types of water (distilled, Shatt Al-Arab ( highly saline water) and water of Tarmia ( moderate saline water).Concentrations of cations and anions of the waters utilized in this investigation had the specifications listed in Table (1) . The cation charge showed to have played an important part in increasing double layer thickness and in decreasing interparticle attractive force. The effect of three types of water (i.e. saline, half saline and distilled water) on geotechnical properties of fine grained soil had been investigated in this research. Tests including hydrometer Atterberg limits, standard compaction, consolidation, direct shear test and unconfined compression were also performed. Fig. 3 . presents the results of the liquid limit (LL), plastic limit(PL) and plasticity index(PI)with different types of water.
The results shows that the liquid limit of soil when mixed with distilled water is 37.6% and it does not seem to increase significantly when mixed with moderate saline water then decreased when mixed with highly saline water (shatt al-Arab).Plastic limit is increased in all types of saline water.Increasing the salt concentration, the cationvalence decreases the interparticle distances, resulting in the decrease of the liquid limit. Ajalloeian et al., (2013) [1] noticed that time of exposure has no effect on changing Atterberg limits. Fig.4 . shows the results of compaction tests performed with waters of different salinity. Relaying on Ajalloeian et al., (2013) [1] results on compaction, Atterberg and exposure time showed that these are not effective factors in the results. In Fig. (4) there were no distinguished differences between these curves. Yet the results have shown that the optimum moisture content has decreased and maximum dry unit weight of the soil has increased when mixing with saline water and the results is more pronounced when the salinity is moderate. It can be concluded that high concentration of the salt concentrations in the water has increased the attraction forces present between the particles. Moreover, this established a better bonding among the particles. Consequently flocculation structure has formed in the soil. Also salt crystals may sediment in the pores of soil and play role of cement. In this condition, subsidence of soil and compression index will be lower.
Variation of compaction characteristics with Salinity
Fig. 4. Effect of salinity of water on compaction characteristics
Effect of salinity on consolidation characteristics of soil
It was observed that the swell index (Cs) has also decreased in respect to water salinity increment . The average values of the swell index (Cs) with distilled water, half saline water and saline water have been found to be 0.039, 0.0215 and 0.0033 respectively. The changes can be related to the differences of the osmotic pressure. High concentration of the half saline and saline water, osmotic pressure difference between water within layers of clay and water in the pores of soil has been observed to be lower in comparison with the distilled water. So after unloading, less water enters to the space between layers of clay to balance osmotic pressure. Hence Cs has decreased as salinity of water increases. In Fig.7 . illustrates the effect of salinity of water on modulus of volume compressibility (mv) in the stress 200kN/m 2 .It is seen that the modulus of volume compressibility decreases with increasing salinity of water. This change is due to decrease in double layer thickness as concentration of water increases. 
Unconfined compressive tests
The effect of water salinity on the unconfined compressive strength for the Al-Nahrawan soil is presented in Fig.8 . The ultimate strength of samples decreased significantly with increasing water salinity as shown. Results also showed that mixing saline water with soils decreased its undrained compressive strength characteristics as shown in Fig.9 . In general, the soils displayed low unconfined compressive strength with increasing salinity than with distilled water. This may be attributed such a strength decrease to the fact that the salt forms brine with water; this brine forms a film around each particle, which decreases the strength of the particles since brine film is weak in surface tension than ordinary moisture, thus it decreases the cohesion of the particles. 
Direct shear test
The plot of stress-strain curve obtained after conducting the shear tests is shown in Fig. 9 . for as compacted specimens with different water salinity and Fig. 10 . for specimens repaired as compacted and then immersed with different water salinity. The fit line was drawn starting from the undrained shear resistance versus percent salt content for direct shear tests to study the effect of different salinity solution on undrained shear strength of the soil. In general (both as compacted and saturated) the cohesion is decreased with increasing salinity. These results are coinciding with the results obtained from unconfined compression tests.The surfaces of soil particles hold negative or positive charges due to isomorphous substitution process. These surface charges lead to electronic interparticle forces and affect the behavior of soils. The charged surfaces of soil particle have interaction with the dissolved ions in the pore water and influence soil behaviour. Generally, most of the soil particle surfaces hold negative charges caused by isomorphous substitution. Cations are attracted by the negative surface charges and held on the surface of soil particle. Due to the absorbed cations, the electronic forces between soil particles are influenced. In this way, the ion concentration (the salt content) of pore water affects the behavior of soil particles and the properties of soils. 
Conclusions
Based on the experimental results, the following conclusions can be drawn:
1. Salt solution increment can decreases the undrained shear resistance of compacted soil due to the decreased in attractive forces as compared with distilled water.
2. A comparison between direct shear and unconfined compression tests, results showed that as the salinity of water increases, the cohesion decreases and these parameters obtained by unconfined tests may give higher value than direct shear.
3. The test results demonstrated that the salinity has a pronounced effect on compressibility. The compression index and sweelling index decreased with increasing salt concentration 4. The modulus of volume compressibility decreases with increasing salinity of water. 5. Optimum moisture content showed to decrease and maximum dry unit weight of soil showed to increase when mixing with saline water . 6. Liquid limit as well as plastic limit decreases with increasing salinity. 7. Finally, from above results care must be taken when using saline water instead of distilled water or tap water or when the soil is exposed to saline water since the salinity weaken the soil. 
